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7KHLPDJHVZHUHWDNHQDWDFRQVLGHUDEOHGLVWDQFHIURPWKHHDUWK¶VVXUIDFH6RHOHFWURPDJQHWLFHQHUJ\FDQQRWUHDFK














WKLV SDSHU DQ HGJHDZDUH ZHLJKWLQJ LV LQWURGXFHG DQG LQFRUSRUDWHG LQWR WKH *,) >@ WR IRUP D:HLJKWHG *,)
:*,):HNQRZIRUKXPDQYLVXDOSHUFHSWLRQHGJHVSURYLGHDQHIIHFWLYHDQGH[SUHVVLYHVWLPXODWLRQWKDWLVYLWDO
IRUWKHQHXUDOLQWHUSUHWDWLRQRIDVFHQH>@6RLQWKHLQSXWLPDJHODUJHUZHLJKWVDUHWKXVDVVLJQHGWRSL[HOVDWHGJHV
WKDQSL[HOV LQ IODW DUHDV7KHUHDUHPDQ\PHWKRGV WRFRPSXWH WKHHGJHDZDUHZHLJKWLQJ/RFDOYDULDQFH LQî
ZLQGRZV RI D SL[HO LQ D JXLGDQFH LPDJH LV DSSOLHG WR FRPSXWH WKH HGJHDZDUHZHLJKWLQJ7KHZHLJKWLQJ FDQ EH
HDVLO\ FRPSXWHG YLD WKH ER[ ILOWHU LQ >@ IRU DOO SL[HOV LQ WKH JXLGDQFH LPDJH 7KH ORFDO YDULDQFH RI D SL[HO LV
QRUPDOL]HGE\WKHORFDOYDULDQFHVRIDOOSL[HOVLQWKHJXLGDQFHLPDJH7KHQRUPDOL]HGZHLJKWLQJLVWKHQDGRSWHGWR














LVJLYHQE\ WKH*DXVVLDQRIERWK VSDWLDO DQG LQWHQVLW\GLVWDQFH IURP ORFDWHGSL[HO7KHELODWHUDO ILOWHU VPRRWK WKH
LPDJH7KH\ DOVRSUHVHUYH HGJHV7KHELODWHUDO ILOWHU KDV OLPLWDWLRQV HYHQ WKH\KDYHSRSXODULW\ ,WZDVQRWLFHG LQ
>@>@DQG>@WKDWWKHELODWHUDOILOWHUVXIIHULQJIURP³JUDGLHQWUHYHUVDO´SUREOHP,WH[LVWVZKHQDSL[HORIWHQRQ
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
:KHUH= LV D UHFRQVWUXFWHG LPDJH IRUPHGE\KRPRJHQHRXV UHJLRQV7KLV LPDJHKDYHVKDUSHGJHVH LV WH[WXUHRU
QRLVHDQG3 [\LVDSRVLWLRQLQWKHLPDJH=DQGHDUHIRUPLQJWKHEDVHOD\HUDQGGHWDLOOD\HUUHVSHFWLYHO\2QH
W\SHRIHGJHSUHVHUYLQJVPRRWKLQJWHFKQLTXHLVEDVHGRQORFDOILOWHULQJ%)ZLGHO\XVHGGXHWRLWVVLPSOLFLW\>@
















:KHUH WKH OLQHDUFRHIILFLHQWVDNEN DUHDVVXPHG WREHFRQVWDQW LQZLQGRZ:. :HXVH  UDGLXV VL]H U LQ  VTXDUH
ZLQGRZ:.7KLVORFDOOLQHDUPRGHOVD\VWKDWTKDVDQHGJHRQO\LI,KDVDQHGJHEHFDXVHǻT Dǻ,7RGHWHUPLQH













&RORU UHSURGXFWLRQ %ULJKWQHVV YLVLELOLW\ FRQWUDVW DQG UHSURGXFWLRQ RI GHWDLOV DUH FRQVLGHUHG DV WKH LPDJH
SDUDPHWHUV7KHUHVXOWVVKRZWKDWDPRQJDOOWHVWHGDWWULEXWHVEULJKWQHVVDQGFRQWUDVWKDYHPRUHFRUUHODWLRQZLWKWKH
QDWXUDOQHVV RI DQ LPDJH 6RQDWXUDOQHVVPRGHO FDQ EHPDGHEDVHGRQ WKHVH WZR DWWULEXWHV QDPHGEULJKWQHVV DQG
FRQWUDVW 7KHVH LQJUHGLHQWV RI QDWXUDOQHVV DUH UHODWHG WR WKH WRQH PDSSLQJ HYDOXDWLRQ SUREOHP +HUH EULJKWQHVV
















































)LJAn image and its edge-aware weighting 
 
7KHILQDODVVXPSWLRQRIWKH:*,)LVDORFDOOLQHDUPRGHOEHWZHHQWKHILOWHULQJRXWSXW=DQGJXLGDQFHLPDJH*7KLV
PRGHO HQVXUHV WKDW WKHRXWSXW=KDV DQ HGJHRQO\ LI WKHJXLGDQFH LPDJH*KDV DQ HGJH7KHZHLJKWLQJī*S LQ
(TXDWLRQ  ZDV LQFRUSRUDWHG LQWR WKH FRVW IXQFWLRQ (DS
ES
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SUHVHUYHGEHWWHUE\ WKH:*,),W LVFOHDUHU WKDQ*,)$VVKRZQ LQ)LJHGJHVDUHSUHVHUYHGPXFKEHWWHUE\ WKH
:*,)
%DFNJURXQG










B. Estimate the Atmospheric Light

$LVWKHDWPRVSKHULFOLJKWHVWLPDWHGLQWKHPRVWKD]HRSDTXHUHJLRQ:HILUVWFKRRVHWKHWRSEULJKWHVWSL[HOV












ZLWK WKHGLVWDQFHG[IURPWKHREMHFW WR WKHREVHUYHU7KHYDOXHRI$LVQRW WKHPD[LPXPLQ WKHRULJLQDOKD]\
LPDJHZKLFKZLOOFDXVHWKHIUDFWLRQWREHJUHDWHUWKDQIRUSL[HOVZKRVHLQWHQVLWLHVDUHKLJKHUWKDQWKHDWPRVSKHULF
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
:HXVH*DXVVLDQILOWHU WRUHILQHWKHDWPRVSKHULFYHLO*DXVVLDQILOWHU LVDQRQOLQHDUILOWHU WKDWFDQVPRRWKLPDJHV
:HVPRRWKWKHDWPRVSKHULFYHLOXVLQJDORZSDVV*DXVVLDQILOWHUDQGWKHUHILQHGDWPRVSKHULFYHLO9[H[SUHVVHGDV


















E. Recover the Haze-Free Image 







U J E FKDQQHO RI WKH KD]HIUHH LPDJH FDQQRW EH ]HUR ,Q RWKHU ZRUGV WKH WKUHVKROG LW XVLQJ WR ILQG WKH JOREDO
DWPRVSKHULF OLJKW $  LV XVLQJ SUHGHILQHG YDOXH 0 ,I WKH GLIIHUHQFH LV VPDOOHU WKDQ 0 ZH UHFRPSXWHG WKH
WUDQVPLVVLRQ

W൏[ PLQPD[M / Ň,[$$ŇW[






7KH UHILQHG WUDQVPLVVLRQV UDQJLQJ IURP  WR $OVR WKH FDOFXODWHG LQWHQVLW\ RIPRUH WKDQ  SHUFHQW RI WKH




F. Filter with Gaussian and WGIF 
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Gaussian 0.8043 0.0284 
Guided image filter(GIF) 0.812 0.0299 
Gaussian+GIF 0.864 0.0378 
Weighted guided filter(WGIF) 0.881 0.0394 









)LJInput image                                                                  )LJDark channel prior












)LJCoarse atmospheric veil                                        )LJRefined atmospheric veil                                                     



















H[LVWLQJ WHFKQLTXHVKDYHJUDGLHQW UHYHUVDO LVVXH LHQR WHFKQLTXH LV DFFXUDWH IRUGLIIHUHQWNLQGRIFLUFXPVWDQFHV
7KH SUREOHP RI RYHULOOXPLQDWLRQ LV D SUREOHP IRU UHPRYLQJ KD]H IURP WKH LPDJHV'XH WR WKH VLPSOLFLW\ RI WKH
:HLJKWHGJXLGHGILOWHU LWKDVPDQ\DSSOLFDWLRQVLQWKHILHOGVRIFRPSXWDWLRQDOSKRWRJUDSK\DQGLPDJHSURFHVVLQJ
WKURXJKRXW 3DUWLFXODUO\ LW LV DSSOLHG WR VWXG\ IXVLRQ RI GLIIHUHQWO\ H[SRVHG LPDJHV VLQJOH LPDJH GHWDLO
HQKDQFHPHQWDQGVLQJOHUHPRWHVHQVLQJLPDJHKD]HUHPRYDO([SHULPHQWDOUHVXOWVVKRZWKDWWKHSURSRVHGPHWKRG
FDQSURGXFHLPDJHVZLWKH[FHOOHQWYLVXDOTXDOLW\DVWKRVHRIJOREDOILOWHUVDQGDWWKHVDPHWLPHWKHUXQQLQJWLPHVRI
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